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ƯƾŶƳƺƃƯƂƷŚĩŦƗŚŝǀƯśŚƸŤƫřƱřżƾŶƳƺƃřźºŝƵƹǈƗºƿƲ
ěǀƄǀƶƴƽƤŰţǀƯƱŚƄƳšŚƤƾŻƲºƛƹŹŶƷŵƿƫŵƶºŝƱƺºŤºǀřŹřŵƪ
ƩƺƴƟƱŵƺŝƇŚųǀŤƳōŢƾƀĩřǀƳřŶƾŵŹřŵŵŚƤŤƗřźŝřƿƲŢſřƶĩ
ƲƛƹŹŻƿƱƺŤŝǀźŤƄŧŚţǀšřźŢºŞŨƯŵƺºųřŹŻřźƏºƿƢƅřƺºų
ŤƳōƾƀĩřǀƳřŶƾŵƺųƩŚưƗřºƯƾŶºƴĩƶºģźĭřĩźţǀšŚºŞƲºƛƹŹ
ŻƿƱƺŤƀŝǀŹŚƕƺƴŤƯƹěǀĤǀƵŶŢſřƫƹǀƲĪƶŝźƔƳƯƾŶſŹŝǀźŤƄ
ŧŚţǀšřźřƿƲƵŵŚƯřŸƛƾƿŶƯƿƱƺºſřǀŶŘƫƹřºǀĨƫƺƴƟºǀĨŚºƷƹ
ƲƫřƺĪſřƯƾŶƃŚŝƶĩƶưƷƽŵřƺƯųřǀźƅřƺųŤƳōƾƀºĩřǀƳřŶƾ
Ŷº ƳŹřŵÎÕƩŚºſŹŵƶºƧƾºƤǀƤŰţŹŵÏÍÎÏƮº ƿŵřŵƭŚºŬƳř
ŶƿŵźĭƵŶƷŚƄƯƶƧƶºŤƠƷŹŚºƸģƶºŝƱƺºŤƿŻƲºƛƹŹŻřƵŵŚƠŤºſř
šŹƺƇƾƘƋƺƯǈƗƂƷŚºƧŦºƗŚŝŢƀƳřƺţºƿƮŹŵƺºƳřŻŵŹŵ
ŵƺƃŢƿźţŹōƺŘŤſřƶŝǈŤŞƯƱřŹŚưǀŝÎÖƴģǀƯźƔƳƶŝƲƾŶſŹ
ŚºƷƹŹřŵƱŵřŵŷƺƠƳƾƿƫƺºĪƫƺƯƱŻƹŚºŝƾšřźºŧřƒºƠůŚºŝǇŚºŝ
ƃǀưǀŚƾƿƛǀŢſřƲĪưƯź řŸƫƿĪƾƴĪţŻřǀĨŚƷƽŤųŚƴƃƵŶƃƶ
řźŝƽřżƟřƿŸěŷƺƠƳƂƿźƽŤſƺěƾƯŶƳƺſřźŤƫƹřƁƹŹƾŶƃŚŝƶƧ
žƿŻŹƺƟƺƳƺƟƁƹŹƲƿřƶŝƾºƯơǈºƏřŵƺºƃÎÎŻřƵŵŚƠŤºſř
ƩŚººſŻřŶƳƺººſřźŤƫƹřÎÖÒÍººƃŻŹƹŜººƏŹŵƾƱřƺººƴƗƶººŝ
ƺƤţºƿŢƵŶºƴƴĩƽƟǀżƿºĪƾřżºƟřƹƿƂƵŶºƴƷŵƽŤºſƺěƩŚºƤŤƳřƾ
ƯƺưƗǀŢƿŢſřƶŤƟŚƫŚºſŹŵǀųřƱŚºǀŻŹƺºƟƺƳƺƟƁƹŹŻřźƿž
ƽřźŝƹżǀţŹƺƧƹŹŶºǀƷƱƺĤưƷƾƿƹŹřŵŚƿƾƿŚǀưǀƃŵřƺƯƩŚƤŤƳřƱ
ƹšǈǀƀǀƫŚſƲǀŗŚƧƹŶǀƫŵŹŵƂƷŚºĩŢºƸūŹŵŚºƷƽƺºƳřŻ
ŢſřƵŶƃƵŵŚƠŤſřÏÍƶŤŞƫřſŹźŝƾºƯƱŚƄºƳŚºƷƾƷŵƶºĩŶºƴ
řźŤƫƹřŶƳƺſƾƿŚƸƴţƶŝŵƺųżǀƳºƯƾƯźºţŦºƗŚŝŶºƳřƺţǀƮºųŻƮ
ƾůƹŹƲǀŤƀŴƳƦŝŚŝźŤƧŵƹƾƫƺƬƸŝśŚƸƃźŤƧŵ
 
ƶƬŬƯƹŵƱŚºŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƵŹƽÏÏƵŹŚưƃƽÖÑōƽŵƹŹŷÎÐÖÐ 
˽˾
řżƟřƹśŚƸŤƫřƂƷŚĩƿƳŚſŹƱƺųƂƾŢƟŚŝƶŝŚºƷƽźºţƢºǀưƗ
ŵƺºƃÏÎºĩƶºŝƁƹŹƱŵźºŝŹŚŚºƷƾƿŧŚºţƶºĩǀºŝźǀƂƹźºţ
ƖƿźſƽźºţŶºƃŚŝƶŤºƃřŵŵŹŵƂƷŚºĩŹŵƿºĪƾƮºƸƯŻřźºţƿƲ
ƺƫƹřƿŢŚƷƽƃŻŹƹŜƏƾƯƾŶƃŚŝºƇŚųƶºŝƶūƺţŚŝǀŶºƋŢ
ŝŚºƸŤƫřƾºŤƳōƹƾƀºĩřǀƳřŶƾŻƲºƛƹŹƿƱƺºŤƲǀūźºƿƹưƷřƹºǀŢ
ŻŹƺƟƺƳƺƟƿřżƟřŹƺƔƴƯƶŝžƿŤſƺěƩŚƤŤƳřƂƾƺƤţƹƿŢƵŶƴƴĩƽ
ƟǀżƿĪƾƸŝŢƸūŹŵƁǈţƹǀƁƹŹƱŵźºĩƶƴŚºƷƽƳŚºƯŹŵƾŹŵ
ŚƷŵŹŵƂƷŚĩƽƃŚƳƾƫŚƘƟŻřǀŢźǀŧŚţŻŹƺƟƺƳƺƟƿƲºƛƹŹŚºŝž
ŻƿƱƺŤƲǀūźƿƹƲƿƺºƳƁƹŹƦƿƱřƺƴƗƶŝƱŚºƯŹŵŹŵŵŹŵźºưƧ
ƱřŹŚĪƃŻŹƹƱŻſŹźŝŵŹƺƯƾŢƟźĭŹřźƣ

ƁƹŹƾſŹźŝ
ƕƺºƳŻřƢºǀƤŰţƁƹŹƶºưǀƳƶºŝƢºǀƤŰţŭźºƏƹƾºŝźŬţ
ŵƺºŝƩźºŤƴƧƵƹźĭŻřƵŵŚƠŤſřŚŝŹƺƧƶƿƺſƹŵƾƟŵŚƈţšŹƺƇ
ƶƘƯŚūƽƩŚƘƟƱŻƱřŹŚƨƃŻŹƹƾƯŚưţƢǀƤŰţƲƿřƽŹŚƯōÎÕŚºţ
ÑÍƪǀŝŵŹřƱŚŤſźƸƃƩŚſŶƳŶºƃƶŤƟźĭźƔƳŹŵƹŻřźºƠƳƾºſ
ƱŻƱřŹŚĪƃŻŹƹƩŚƘƟƶŤƃŹŚƷƽƃŻŹƹƞƬŤŴƯƾƩŚŞǀƫřƹŶƴƳŚƯ
ƾƳřŶǀƯƹŵƹƱƺŤƴǀƯŶŝƩŚŝŶƴƷƩŚŞŤƨƀŝƶºŝŹŵƶºƳŚŞƬƏƹřŵŹƺºƏ
řƿƶƘƫŚƐƯƲšƺƬƿŚěŶºƳŵźĩŢĩźºƃƶºƧƾƳŚºƳŻƞºƿźƘţƢºŞƏ
ƶŝƵŚƯƂƃšŶƯƶŝƪƣřŶůƶºŤƠƷƪƣřŶºůƹƮƔƴƯŹƺƏƶºſƽř
ŻƹŹŻƹŹƞƬŤŴƯšŚƗŚſŹŵƹƶŤƃŹƦƿŹŵƹƅŚºųƾƃŻŹƹ
ƶƯŚƳźŝŚŝƽšŚǀƷƾƃŻŹƹƾŝźƯźƔƳŢŰţƮƔƴƯŚƿƾƃŻŹƹƽŚƷ
ƵŚĮƄƳřŵƾƯƲƿźưţƹƾƃŻŹƹŢǀƫŚƘƟƶŝŚƷŹŚƨºƃŻŹƹŶƴŤųřŵźě
ƾƯśƺƀŰƯŶƳŶºƃƯŚºưţƾŢƧźºƃŭźºƏŹŵƱŚĭŶºƴƴƧŹŚºģŵ
ƁƹŹŻřƵŵŚƠŤºſřŚºŝƶºĩŶºƳŵƺŝƲƯżƯŵŹŵźưƧŚºƷƽƬĩǀƴǀºĪƾ
ŴƄţǀƵŵřŵƆŵƺŝƵŶƃƋƺţŻřžěǀƷŚƠƃŮƾŞŤĩƹƾƷŚƯºǀŢ
ŭźƏƾƳŵƺƯŻōŚƷŚƋŹƶĭźŝƿŢřŹƶƯŚƳŶƳŵźƧźěƆųŚƃƽŚºƷ
ŻřŶºƳŵƺŝšŹŚºŞƗƢǀƤŰţŻřũƹźųÎŶºƗŵŹŵźºưƧŵƺºūƹƭ
ƪƣřŶůÐƱŚƯŹŵƕƹźƃŻřƪŞƣƵŚƯÏƾŝƢƿŹżţƵŶºƴƴƧžůŚºƷ
ŚţŚƷŶǀŗƹźŤſřƺƨǀţŹƺƧŚƿÑƱŚºƯŹŵƕƹźºƃŻřƪŞƣƶŤƠƷÐŵŹŵ
ƾƗŚººūŹřÑƱřƺŴŤººſřƾƧƺººěÒšřźººƤƟƱƺŤººſƾººůřźū 
ÓƾƗŚŴƳƩŚƳŚƧƾĮƴţÔƶĤŴƿŹŚţŵŚůƽŚƯƹźţƶƳƺĭźƷŻřƽř
ÕƵŶºƃƶŤųŚƴºƃŢƿźţŹōƺŘŤºſřÖƭŹŶƴºſƩŚǀºƃŚƟƺǀƯŵŹŵ 
ÎÍƽŹŚưǀŝƽŶǀŗƺţŚƯƹŹƾŝŚƸŤƫřƽŚƷÎÎƽƺţŚºưŤƿŹřŽƺºěƺƫ
ƦǀưŤƀǀſÎÏƕƺƳŢŝŚƿŵƹŵƹƦƿÎÐƽŶºǀŗƹźǀţƽŹŚºưǀŝ
ÎÑƾƣŚģÎÒŻřƵŵŚƠŤſř Pace-MakerÎÓƽŹŚưǀŝƽŚºƷ
ƾƨƿĥƺƫƹŹƺƳÎÔśřźƐƋřƭŹŶƴſƾĭŵźƀƟřÎÕźºƿŻƲºſ
ÎÕƽǇŚŝƹÑÍƩŚſÎÖǀºƷŻřƵŵŚƠŤºſřƭŶºƗĢƽƹŹřŵƶºƳƺĭ
ƶŤºƃŸĭƵŚºƯƦºƿŹŵƽŶǀŗƹźŤſřźǀƛƹƽŶǀŗƹźŤſřƾŝŚƸŤƫřŶƋ
ƳŵƺºƯŻōƾƶºŝŚºƷƟŵŚƈºţŹƺºƏƾƀºƤţƵƹźºĭƹŵƶºŝǀŶƳŶºƃƮ 
ÎƩźŤƴĩƵƹźĭÎÒźƠƳƹÏžƿŻŹƺºƟƺƳƺƟƵƹźĭÎÒźºƠƳ
řƶƀººƬūƵŵƱŚººƯŹŵŢººŰţŵřźººƟřžĜººſƽŶººƴŤƟźĭŹřźººƣ 
ŻřŵƺŝšŹŚŞƗƱŚƯŹŵÎÍƣŵǀŶƳƺſřźŤƫƹřƶƤŤſŵŶƳƺºſřźŤƫƹřƵŚĮ
ƾƟŶƴƬƷŹƺƄƧŢųŚſƲƄƧřŶƳƺſřźŤƫƹřƩĥŻřƵŵŚƠŤſřŚŝºƿŚ
ŻƲƛƹŹƿžƳŚĩźƟŚŝƲǀūźƿƹƱƺŤƿšŶƃŚŝƹżţźƷŚĮƯĨƿĨ
ŤƳŚººſźººŝšřƹƾůŚƳźººŝƖººŝźƯźººŤƯººǀƶƽźººưƧħŚººƳŵŹŵ 
ƱƺºŤƿŻƲºƛƹŹƹƱřźºƿřƲƿƺºƳŢƧźƃŢųŚſŶƳƺſřźŤƫƹřƩĥ
ƶƳŚųŹŚƧŻřƾƨƿŻřƲǀūźƿƹºƛƹŹŶǀƫƺţƽŚƷźƸºƃŹŵƱƺºŤƿŻƲ
ŶƿŵźĭƶǀƸţƱřźƿřƭŹŚƏƲǀūźƿƹƱƺŤƿŻƲƛƹŹŻřƵŵŚƠŤſřŢƬƗ
ƾºƯƩŚºŤƳŚƧƺŘƫƹřƵŵŚºƯŵƺºūƹƵŶƄºƳƶǀƠƈºţŚƿŶºƃŚŝřźºƿŻŹŵ
ƶƳƺưƳƵŶƃƶǀƠƈţƽŚƷƲǀūźºƿƹźǀƛŹŚǀƀºŝƵŵŚºƯƲºƿřƱřżºǀƯ
ŢſřżǀģŚƳƂſźěƶºƯŚƳŶºƫŚƳƹŹƪºǀĭƦºƯŵŹřŶƳŚŤºſřƽŚºƷ
ŵƵŶººƃƪƿŶººƘţƽźŤººſƺſƹřƹžƿŹƺººƯººƏŹƾƶººƬůźƯƹŵ 
ƳŵƺƯŻōƎſƺţƾŶƃźěŚƷÎƱŚºƯŹŵƕƹźºƃŻřƪŞƣÏŻřžºě
ƭŚưţřÎÍƱŚƯŹŵƶƀƬūƶºƯŚƳƂºſźěƲƿřƵŵƺºŝŵŹřŶƳŚŤºſřŚºƷ 
šŚºƤǀƤŰţŜºƫŚƛŹŵƎŞţźºƯƾŝŚºƿŻŹřƽřźºŝŵŹŵźºưƧƱřżºǀƯ 
ŶºƳřƶºŤƟźĭŹřźºƣƵŵŚƠŤºſřŵŹƺºƯŹŵƶºƳřŻƹŹƱŚºƯŹŵºſšŚƗŚ 
ƆŴƄƯźºƸƓŻřŶºƘŝšŶºƯƶºŝƹÎÍºŤƯŻƹŹƾƫřƺƹƶºƳřŻƹŹ 
ŢƟźƿŸěƭŚŬƳřƶƀƬūƦƿƾƳŵƺºƯŻōŻřƱŚƯŹŵƩƺƏƭŚưţŹŵŚºƷ
ƶºƧƾºƃŻŹƹŶƿŶºƃšŚºƴƿźưţƽřźºūřŻřƶºƧŶºƿŵźĭŚºƋŚƤţ 
ƾºƯǈƗƂƿřżºƟřŦºƗŚŝŶºƳřƺţºƿŵƺºƃŵŹŵźºưƧƮƽŹřŵŵƺºų 
ŵŵźĭ
ŵŹŵźưƧźŝƱƺŤƿŻƲƛƹŹŚŝžƿŻŹƺƟƺƳƺƟƹƾěřźţŶƳƺſřźŤƫƹřźǀŧŚţ
 
ƶƬŬƯƹŵƱŚºŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƵŹƽÏÏƵŹŚưƃƽÖÑƽŵƹŹŷōÎÐÖÐ 
˽˿
ƽŹŚƯōƁƹŹƹƿĭĦƾŚºƷƽŵźºƟƽƳŵƺºƯŻōƾŻřƵŵŚƠŤºſřŚºŝŚºƷ
ƁƹŹŚƷƽƇƺţŹŚƯōǀƠƾżŬţŵŹƺƯºƿƹƶƬŰţºǀƪŢºƟźĭŹřźºƣ
řźŝƽŻŹřƿŝŚƾƜţǀǀřšřźƿƜŤƯŹŵƵŶƃŵŚŬǀŚƷźƽƶūƺţŚŝƶŤƀŝřƹ
ƶƬºƇŚƟŽŚºǀƤƯŻřƵŵŚƠŤſřƶŝƂºſźěƶºſźºƷŹŵƽřŹŵƶºƯŚƳ
ƾºƘǀŞƏƖºƿŻƺţŵƺūƹšŹƺƇžƳŚºƿŹřƹƹŢºƸūźºŝřźŝƽŚºƷ
ƾŝŚƿŻŹřƱƺºƯŻōŻřƾºƷƹźĭƱƹŹŵšřźºǀǀƜţtƹƶŤƀºŝřƹƽřźºŝ
ƱƺºƯŻōŻřƾƷƹźĭƲǀŝšřźǀǀƜţtřƪƤŤƀºƯŶºƿŵźĭƵŵŚƠŤºſŹŵ
žƳŚºƿŹřƹƽźºŝřźŝƭŶºƗƾƘǀŞƏźǀƛƖƿŻƺţšŹƺƇŢºƸūŚºƷ
ƽřźºŝƹƱƺƀºƧŚƨƬƿƹƱƺƯŻōŻřƾƷƹźĭƱƹŹŵšřźǀǀƜţƾŝŚƿŻŹř
ƱŚƯƱƺƯŻōŻřƾƷƹźĭƲǀŝšřźǀǀƜţŶƃƵŵŚƠŤſřƾƴŤƿƹŮƐºſ
ƴƘƯƾŹřŵƽżǀƳÍÒÍPŶƃƶŤƟźĭźƔƳŹŵ
 
ƶŤƟŚƿŚƷ 
ƯǀĮƳŚǀƹŵŹřŶƳŚŤſřƝřźŰƳřƹƲƿĦĭƾŚºƷƽƟǀżƿĪƿĥƺºƫƺƾƹ
źŤƯƺěƹźŤƳōƿĪƾƵƹźĭƹŵźƷƩƹŶūŹŵÎŢſřƵŶƯōŹƺƐƳŚưƷ
ƩƹŶūŹŵƶƧÎŢſřƵŶƯōĢǀƷƾºƴƘƯšƹŚƠţƶƳƺĭƲǀºŝƽŹřŵ
ƾĭĦƿƹƲƿřƺūƹƵƹźĭƹŵŹŵŚƷŵřŶƳŢƃÍÒÍ>P
ƩƹŶūÏƵŶƴƷŵƱŚƄƳƽšƹŚƠţŽŚºſřźºŝƾºƷƹźĭƱƹŹŵƽŚƷ
ƾƯƶƯŚƳƂſźěƶſźƷŶƃŚŝŚůŪƿŚŤƳƾºƴƘƯźǀŧŚţŻřƾƧźºƷŹřŵ
ŵŹřŵƵƹźĭƹŵŹŵƱŚƯŹŵƕƺƳƹŵÍÒÍ<PƶºƧƭƺƸƠƯƲƿřƶŝ
ƱƺºŤƿŻƲºƛƹŹŚºŝžƿŻŹƺºƟƺƳƺƟƹŶƳƺºſřźŤƫƹřƁƹŹƹŵźºƷ
ƶŤƀƳřƺţƲǀūźƿƹŻřžºěŵŹŵźºưƧƮºŗǈƗƂƷŚƧŦƗŚŝŶƳřÎÍ
ŶƳƺƃƱŚƯŹŵƶƀƬū
ƩƹŶūÎƯǀĮƳŚǀƹŵŹřŶƳŚŤſřƝřźŰƳřƹƲƿĭĦƾŚƷƽƟǀżƿĪƿĥƺƫƺƾƹźŤƯƺěƹźŤƳōƿĪƾƵƹźĭƹŵźƷ
ƹƿĭĦƾŚƷƽźŤƯƺěƹźŤƳōƿĪƾƟƹǀżƿĥƺƫƺƿĪƾ
ƩźŤƴƧƵƹźĭ
ÎÒn=
SDt
žƿŻŹƺƟƺƳƺƟƵƹźĭ
ÎÒn=
SDt
ƾƴƘƯƱřżǀƯƽŹřŵ
ƲſƩŚſÑÐÓtÏÔÏÓÏÑÑtÎÕÏÕÍÒÍ!P
ŶƣźŤƯÍÒÍtÓÑÎÍÒÍtÓÐÎÍÒÍ!P 
ƵŵƺţƽƳŶŝƾĩǀƭźĭƺƬÎÓÑtÕÍÒÔÒÑÑtÕÔÒÔÍÒÍ!P 
ƵŵƺţƆųŚƃƽƾƳŶŝƖŝźƯźŤƯźŝƭźĭƺƬǀƧÍÍÎtÐÓÏÎÕÔÍtÒÕÏÎ ÍÒÍ!P

ƩƹŶūÏšƹŚƠţƾƷƹźĭƱƹŹŵƽŚƷ
ƱŚƯŻŚƷƽƵŻřŶƳřĭǀźƽ
ŵŹŵƆųŚƃ
ƱŚƯŹŵŻřƪŞƣƩƹřŹŚŝ
SDt
ƱŚƯŹŵŻřžěƭƹŵŹŚŝ
SDt
ƯǀƴƘƯƱřżƾŹřŵƽ
ƩźŤƴƧƵƹźĭÑÖÎtÔÐÒÑÔÎtÏÓÑÍÍÒÍ P ƂſźěƶƯŚƳƽ
ƪǀĭƦƯžƿŻŹƺƟƺƳƺƟƵƹźĭÖÒÎtÓÔÓÓÓÎtÍÔÐÍÍÎÍ P
ƩźŤƴƧƵƹźĭÎÕÎtÓÍÐÔÏÎtÓÔÏÍÐÎÍP ƂſźěƶƯŚƳƽ
ŶƫŚƳƹŹžƿŹƺƯ žƿŻŹƺƟƺƳƺƟƵƹźĭÔÏÎtÓÔÑÓÐÍtÓÍÎÍÍÎÍ P
ƩźŤƴƧƵƹźĭÖÔÑtÎÐÎÑÍÐÓtÏÔÎÍÍÍÐÍ P ƂºººººſźěƶºººººƯŚƳƽ
ƪƿŶººƘţƽźŤººſƺſƹř
ƵŶƃ žƿŻŹƺƟƺƳƺƟƵƹźĭÖÍÒtÓÔÎÓÕÐÐtÖÐÔÍÍÎÍP
ƾůƹŹƲǀŤƀŴƳƦŝŚŝźŤƧŵƹƾƫƺƬƸŝśŚƸƃźŤƧŵ
 
ƶƬŬƯƹŵƱŚºŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƵŹƽÏÏƵŹŚưƃƽÖÑōƽŵƹŹŷÎÐÖÐ 
˽̀
ƩƹŶūÐšƹŚƠţƭŶƗŻřƾƧŚůŻřžºěƹƪŞƣƾƷƹźĭƲǀŝƽŚƷ
ŵŹřŵƶƯŚƳƂſźěƶſźƷŽŚſřźŝƱŚƯŹŵÍÒÍ>Pƶºģźĭř
ǈƗźŤƄºǀŝƂƷŚºƧŻřƾƧŚºůŚºƷƲǀĮƳŚǀƯšƹŚƠţºƿƵƹźºĭŹŵƮ
ŵƺŝƩźŤƴƧƵƹźĭƶŝŢŞƀƳžƿŻŹƺƟƺƳƺƟ

ƩƹŶūÐšƹŚƠţƾƷƹźĭƲǀŝƽŚƷ
šŚƘƟŵƩźŤƴƧƵƹźĭ
SEMt
žƿŻŹƺƟƺƳƺƟƵƹźĭ
SEMt
ƯǀƴƘƯƱřżƾŹřŵƽ
ƱŚƯŹŵŻřƪŞƣÑÖÎtÔÐÒÖÒÎtÓÔÓÎÒÏÍ P ŝšƹŚƠţǀƵƹźĭƲŚƷ
ƂſźěŽŚſřźŝƶƯŚƳƽ
ƯƪǀĭƦƱŚƯŹŵŻřžěÑÔÎtÏÓÑÓÓÎtÍÔÐÎÎÓÍ P
ƱŚƯŹŵŻřƪŞƣÎÕÎtÓÍÐÔÏÎtÓÔÑÐÍÑÍ P ŝšƹŚƠţǀƵƹźĭƲŚƷ
ƂſźěŽŚſřźŝƶƯŚƳƽ
ŶƫŚƳƹŹžƿŹƺƯƱŚƯŹŵŻřžěÔÏÎtÓÔÏÓÐÍtÓÍÎÍÐÕÍ P
ƱŚƯŹŵŻřƪŞƣÖÔÑtÎÐÎÑÖÍÒtÓÔÎÓÏÍÏÍ P ƹŚƠţŝšǀŚƷƵƹźĭƲ
ƂſźěŽŚſřźŝƶƯŚƳƽ
ƵŶƃƪƿŶƘţƽźŤſƺſƹřƱŚƯŹŵŻřžěÍÐÓtÏÔÎÍÕÐÐtÖÐÔÏÎÓÍ P

ŦŰŝ 
ƝŶƷ Żř řƿƲ ƶƘƫŚƐƯ ƘţǀǀƲ ŧŚţǀź ŻŹƺºƟƺƳƺƟƿž Śºŝ ƲºƛƹŹ 
ŻƿƱƺŤ Ʋǀūźƿƹ źŝ ŵŹŵźưƧ ƱřŹŚĪƃŻŹƹ ƱŻ ŵƺŝưƷƱŚƶºĩƶºƳƺĭ
ŚŤƳŻřƿƂºſźěƶºſźƷŪěƶºƯŚƳǀŢºſřŶÎÍŚºŝƱŚºƯŹŵƶƀºƬū
ƴƘƯƂƷŚĩŦƗŚŝžƿŻŹƺƟƺƳƺƟƹŶƳƺſřźŤƫƹřƾǈƗŹřŵƿźƷŹŵƮ
ƶºŝŢŞƀºƳƱŚºƯŹŵŻřžěžƿŻŹƺƟƺƳƺƟƹŶƳƺſřźŤƫƹřƵƹźĭƹŵ
ŢſřƵŶƿŵźĭƱŚƯŹŵŻřƪŞƣƲƿřźŝŚƴŝƾƯźƔƳƶŝŻřƵŵŚƠŤſřŶſŹ
ǈƗƂƷŚƧŢƸūƱŚƯŹŵƕƺƳƹŵźƷƿƵŶƃƖƣřƹŶǀƠƯŵŹŵźưƧƮ
ŶƳřƾƯźƔƳƶŝƾºƬŞƣšŚºƤǀƤŰţŪƿŚŤƳŚŝƶƬƇŚůŪƿŚŤƳźŨƧřŶſŹ
ƶƧŚŞƫŚƛƲƯżºƯŵŹŵźưƧźŝƾěřźţŶƳƺſřźŤƫƹřźǀŧŚţƭŶƗŻřƾƧŚů
ŵŹřŵšźƿŚºººƜƯŵŹřŵÎÎƱŚƄºººƳřŹŚƨưƷƹƽŵŚºººŞƗÏÍÎÎ
ƵŵźƧƁŹřżĭƾºƬƗƶƧŶƳřřƮºƛŹǀƀºŝƵŵŚƠŤºſƁƹŹŻřƖǀºſƹŹŚ
ƾěřźţŶƳƺſřźŤƫƹřźºŤưƧƱōŢŞŨƯźǀŧŚţƲƯżƯŵŹŵźưƧƱŚƯŹŵŹŵ
ŢſřƵŶƃƵŶƷŚƄƯÏÏƁŹřżĭƢŞƏƲǀƤƤŰƯƲƿřšŚƤǀƤŰţ
ƶŝƶƧƾưƧŹŚǀƀŝŚŝƹƾƟŵŚƈţšŹƺƇƭŚŬƳřƩźŤƴƧƵƹźĭƵŶºƃ
ŢſřƲƯżºƯŵŹŵźưƧƱŚƯŹŵŹŵƁƹŹƲƿřŢŞŨƯźǀŧŚţŻřƾƧŚů
ƵŵƺŝƾƳŵƺƯŻōŵřŶƘţƱŵƺŝƮƧŢƬƗƶŝƲƨǀƫƹŶƳřŵŚƠŤºſřƹŚºƷƵ
ƁƹŹŻřƲƿřƽźƿŸěźǀŧŚţŵŹƺƯŹŵšƹŚƠŤƯǈƯŚƧŢǀƠǀƧŚŝƽŚƷ
ŵŹřŵŵƺºūƹŶºƿŵźţƹƦºƃšŚƤǀƤŰţŪƿŚºŤƳšźƿŚºƜƯŢºƬƗ
ŢſřƆŴƄƯŚƳƶŤƃŸĭšŚƤǀƤŰţŜƫŚƛŚŝźƋŚůƢǀƤŰţŶƿŚƃ
ƶºƘƯŚūŹŵšƹŚºƠţƽšƹŚºƠţŢºƬƗƾºſŹźŝŵŹƺºƯŶºƃŚŝŚºƷ
ƶƘƯŚūƽŹŚƨºƃŻŹƹƾºĮưƷźºƋŚůƢºǀƤŰţŹŵƾºſŹźŝŵŹƺƯ
ƵŵƺŝƳřƹŶƾºƴƘƯźǀŧŚºţŢºƬƗŶƿŚƃƾƳŵƺºƯŻōƲºƿřŹŵŹřŵŚºŝŚºƷ
ƱōƾƳŚưƀūƾĭŵŚƯōŶƃŚŝƎŞţźƯŚƷƾºƯźºƔƳƶŝŶºſŹƽřźºūř
ƱřŹŚưǀŝŵřŶƘţŚŝƢǀƤŰţƱƹżƟřźţƱŶºƃƲºƃƹŹƶºŝŶƳřƺŤŝŶƿŚƃ
ŶºƿŚưƴŝƽźŤƄºǀŝƦºưƧƕƺƋƺƯšƹŚºƠţŦºŰŝŹŵƲǀºŝƽŚºƷ
ƂſźěƶſźƷŵŹƺƯŹŵƾƷƹźĭƾƴƘƯšƹŚƠţƶƯŚƳƹƪºŞƣƽŹřŵ
ěƾưƳƵŶƷŚƄƯƵƹźĭƹŵƲǀŝƱŚƯŹŵŻřžŵƺºƃŢŞƀºƳƶºģźĭř
ƂƷŚƧƲǀĮƳŚǀƯŶƳƺºſřźŤƫƹřƶŝŢŞƀƳžƿŻŹƺƟƺƳƺƟƵƹźĭŹŵŚƷ
žěƶŝŢŞƀƳƱŚƯŹŵŻřƪŞƣƱŚƯŹŵŻřźƷŽŚſřźŝƂſźěƶſ
ŵŹŵźưƧźŝƱƺŤƿŻƲƛƹŹŚŝžƿŻŹƺƟƺƳƺƟƹƾěřźţŶƳƺſřźŤƫƹřźǀŧŚţ
 
ƶƬŬƯƹŵƱŚºŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾĪƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƵŹƽÏÏƵŹŚưƃƽÖÑƽŵƹŹŷōÎÐÖÐ 
˽́
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Background and Objective: Virgin Olive oil contains Oleocanthal as an anti-inflammatory agent. The main 
purpose of this study was to compare the effects of ultrasound therapy and phonophoresis with virgin olive 
oil on female athletes' chronic Low Back Pain (LBP). 
Materials and Methods: Thirty female athletes with chronic LBP voluntarily participated in this pilot study. 
Patients were randomly assigned to Phonophoresis (n=15) and Ultrasound (n=15) groups and were treated 
with virgin olive oil or ultrasound gel for 10 sessions.  Frequency and duration of treatment by ultrasound 
were 1 MHz and 10-min, respectively. Subjects completed Mc Gill, Modified Oswestry and Ronald-Morris 
standard questionnaires before and after 10 sessions of physiotherapy.  
Results: There was a significant reduction in symptoms of LBP based on Mc Gill, Ronald-Morris, and 
Modified Oswestry questionnaires at the end of the therapy in both groups compared to pre-treatment status 
(P<0.05). Although the mean post-treatment scores were lower than the mean pre-treatment scores in all 
questionnaires in phonophoresis compared with ultrasound group, there was no significant difference in 
symptoms of LBP between two  groups (P>0.05).  
Conclusion: It seems both ultrasound and phonophoresis with virgin olive oil are effective methods for 
treatment of chronic LBP in female athletes.   
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